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KENTUCKY GROUNDWATER-QUALITY MAPPING SERVICE
R. Stephen Fisher and Bart Davidson
Kentucky Geological Survey
228 MMRB
University of Kentucky
Lexington, KY 40506-0107
859-257-5500
sfisher@uky.edu, bdavidson@uky.edu,
The Kentucky Geological Survey maintains the Groundwater Data Repository, which
includes an archive of water-well records, spring information, and water-quality data. The
groundwater-quality archive includes results for samples collected from 1940 to the
present by more than 70 State, Federal, and research agencies, and analyzed at more than
100 different laboratories. The resulting variety of measurement and reporting methods
has made it difficult to compare data from different sampling programs or to resolve
regional geologic effects on groundwater quality.
KGS staff have recently standardized the reporting nomenclature for 38 of the most
significant water properties, inorganic solutes, metals, nutrients, pesticides, and volatile
organic compounds, and are developing an interactive map service that will display
groundwater quality on base maps of Kentucky geology, physiography, or major
watersheds. This new service will allow individuals, agencies, and organizations to
investigate regional patterns in groundwater quality and to see spatial relationships
between sampled wells and springs. Users will also be able to view statistical summaries
of water quality, such as data distributions, comparison of water from wells versus
springs, and plots of concentrations versus well depth. The service also provides
information about each water-quality parameter, natural and nonpoint sources of the
chemical, potential health effects in drinking water, and health-related water-quality
standards, if any exist.
This presentation will demonstrate the new mapping service. A related presentation in
this session will present the new tabular data search capability that allows users to obtain
groundwater quality statewide or in counties, quadrangles, or in the vicinity of specific
sites. Together, these new services make groundwater-quality data more accessible to the
public than ever before.
For more information on Kentucky groundwater-quality data, contact KGS at 859-2575500 x 162 or x 158. The interactive water-quality map server can be accessed through
the KGS Web site: kgsweb.uky.edu/main.asp.
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KENTUCKY GROUNDWATER-QUALITY DATA SEARCH ENGINE
Bart Davidson and R. Stephen Fisher
Kentucky Geological Survey
228 MMRB
University of Kentucky
Lexington, KY 40506-0107
859-257-5500
bdavidson@uky.edu, sfisher@uky.edu
In 2003, the Kentucky Geological Survey began providing online access to
groundwater-quality data for the state. Until recently, these data were only available
in an “all-or-nothing” format – after performing a water-well or spring search,
customers could then download all associated water-quality analyses for that site.
Through an EPA 319 grant awarded by the Kentucky Division of Water, personnel
from the Water Resources and Geospatial Analysis Sections have enhanced and
streamlined searching for Kentucky water-quality data. Users can now select
individual or multiple parameters of interest, view search results, and download the
data to delimited text files for use in spreadsheets or various GIS software packages.
The source of these data is the Kentucky Groundwater Data Repository, maintained
by KGS. To date, 38 parameters in five major categories (water properties, volatile
organic compounds, nutrients, pesticides, and inorganic solutes) can be searched
either as an entire group or by individual analyte. Each analyte also has associated
text files with descriptive information about the substance, possible health hazards,
and EPA drinking-water standards. There are several search methods, including the
entire state, by county or multiple counties, by USGS 7.5-minute quadrangle, or by
a radius-search from a user-specified location (the user also specifies the radius).
This presentation will review the process of searching for these analytes, and the
procedure for downloading data. A related presentation in this theme session will
review a new online interactive mapping program that allows the user to view
search results on a map along with statistical summaries of the data.
The groundwater data in the repository were collected from the 1940’s to the
present, from both springs and wells. Data searches can be formatted to include all
sample data for every location for which records are available, or as a summary
report that provides the median, maximum, and most recent result values. The
number of samples below detection is also included in the summary report. Search
results can be sorted by sampling date or by a range of dates.
Web sites are listed for the user to obtain information about maximum contaminant
levels set by the Environmental Protection Agency, as well as sites by other
Kentucky agencies, including the Kentucky Division of Water and the U.S.
Geological Survey. For more information on water-quality or water-well data,
contact the Survey at 859-257-5500 x162.

37

The newly released water-quality search engine can be accessed online at
kgsweb.uky.edu/DataSearching/Water/WaterQualSearch.asp (Figure 1).

Figure 1. Layout of new water-quality data Web search page.
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WATER QUALITY IN THE KARST TERRANE OF THE
SINKING CREEK BASIN, KENTUCKY, 2004-06
Angela S. Crain
U.S. Geological Survey
9818 Bluegrass Parkway
Louisville, KY 40299
502-493-1943
ascrain@usgs.gov
The effects on water quality from human activities (construction, logging, and
certain agricultural practices) are important considerations for resource management in
the ground-water recharge area of Sinking Creek. Understanding the role of bestmanagement practices in protecting shallow ground water from human activities is
fundamental in developing and implementing sound land-use polices. Thus, water
samples were collected in Sinking Creek and surrounding springs and karst windows in
the karst terrane of the Sinking Creek Basin in 2004, 2005, and 2006 as part of study
conducted by the U.S. Geological Survey in cooperation with the Kentucky Department
of Agriculture. About 130 water-quality samples were collected at 7 sites (2 main stem
sites, 4 springs, and 1 karst window) from April through November 2004; March through
December 2005; and April through June 2006. The karst terrane of the Sinking Creek
Basin (also known as Boiling Spring Basin) encompasses about 125 square miles in
Breckinridge County and portions of Meade and Hardin Counties in Kentucky.
Sixteen pesticides were detected of the 52 pesticides analyzed in the stream and
spring samples. Of the 16 detected pesticides, 13 were herbicides and 3 were insecticides.
The most commonly detected pesticides—atrazine, simazine, metolachlor, and
acetochlor—were those most heavily used on crops during the sampling period. Atrazine
was detected in 95 percent of all samples; simazine, metolachlor, and acetochlor were
detected in more than 30 percent of all samples. The pesticide-transformation compound,
deethylatrazine, was detected in 93 percent of the samples. Only one nonagricultural
herbicide, prometon, was detected in about 16 percent of the samples. Carbaryl, the most
commonly detected insecticide, was found in 14 percent of the samples, which was
followed by Malathion (2 percent). Concentrations of most of the pesticides analyzed
were less than their detection limits. However, atrazine was found in water samples
exceeding the U.S. Environmental Protection Agency’s (USEPA) standards for drinking
water (greater than 3 micrograms per liter). Atrazine exceeded the USEPA’s maximum
contaminant level 10 times in 123 detections. In general, the highest concentrations of
atrazine, simazine, metolachlor, and acetochlor occurred during runoff events in April,
May, and June each sampling year.
Concentrations of nitrate greater than 10 milligrams per liter (mg/L) were not
found in water samples from any of the sites. The criterion of 10 mg/L for nitrate was
established by the U.S. Environmental Protection Agency for the protection of domestic
water supplies. Concentrations of nitrite plus nitrate ranged from 0.21 to 4.9 mg/L at the
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seven sites. The median concentration of nitrite plus nitrate for all sites sampled was 1.6
mg/L. Concentrations of nitrite plus nitrate generally were higher in the springs than in
the main stem of Sinking Creek.
Phosphorus and suspended sediment concentrations generally were higher in
runoff-event samples than in base-flow samples. Higher concentrations of phosphorus
and suspended sediment in runoff-event samples potentially are associated with erosion
and runoff from land surfaces and from resuspension of sediment from stream beds and
banks. During lower flows, concentrations of phosphorus and suspended sediment
typically are lower because ground water, having flowed through watershed soils, is the
principal source of streamflow. Forty-five percent of the concentrations of total
phosphorus at the seven sites were greater than the U.S Environmental Protection
Agency’s desired goal of 0.1 mg/L for preventing excessive growth of aquatic plants and
algae. The median concentration of total phosphorus for all sites sampled was 0.09 mg/L.
The highest median concentrations of total phosphorus were found in the springs. Median
concentrations of orthophosphate followed the same pattern as concentrations of total
phosphorus in the springs. Concentrations of orthophosphate ranged from <0.006 to
0.459 mg/L. The median concentration of suspended sediment for all sites sampled was
70 mg/L. The highest concentration of suspended sediment (1,490 mg/L) was measured
following a storm event at the Sinking Creek near Lodiburg site (03303205).
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SALT MOVEMENT THROUGH THE VADOSE ZONE OF A KARST SOIL
FIRST EXPERIENCES WITH A TRANSFER FUNCTION APPROACH
Ole Wendroth1, Xiufu Shuai1, Riley J. Walton1, Jim Dinger2, Jim Currens2,
Dwayne Edwards3, Mark S. Coyne1, John Grove1, and Steve Higgins3
1) Dept. of Plant and Soil Sciences, University of Kentucky, Lexington
2) Kentucky Geological Survey at University of Kentucky, Lexington
3) Dept. of Biosystems and Agricultural Engineering, University of Kentucky, Lexington
Corresponding author: owendroth@uky.edu; phone: (859) 257-4768
Water and solute movement through the vadose zone of soils developed on karstic
bedrock and under agricultural use, deserve special attention with respect to observing
flow phenomena and quantifying transport properties. So far, most studies on karst
topographies have been focused on groundwater quality and the arrival of water and
solutes to ground and surface waters. This study is a first attempt in this region to
evaluate and quantify vadose zone transport phenomena and transport coefficients for salt
and water movement. The objectives were to test the applicability of TDR-methodology,
and to derive transport coefficients for salt movement, i.e., the pore water velocity and
the dispersion coefficient. These were derived from input-output response, with four
cycles of salt pulses applied to the land surface as input, and the electrical conductivity
(EC) monitored as output. One reason for choosing the TDR methodology was the
relatively undisturbed measurement of salt concentration, and the automatic monitoring
capability. Moreover, EC time series could be obtained with high spatial and temporal
resolution, which is necessary for the analytical procedure. In Figure 1, the temporal
design of salt pulses and the EC responses at the 10, 30, and 50 cm depths are shown.
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Figure 1. Input of four solute cycles and response of electrical conductivity (EC) at 3
different soil depths (10, 30, and 50 cm).
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The analysis of time series was based on auto- and crosscorrelation functions of the
various input and output time series, as well as their integration in the frequency domain.
Figure 2 shows power spectra and cospectra of input and output time series of EC. The
transport experiment was carried out in a sinkhole profile on the Woodford County
Experiment Farm of the University of Kentucky. Water and solutes were applied, at a
precipitation rate of approximately 10 cm day-1, continuously for approximately three
days, corresponding to four application cycles. First results show the applicability of the
measurement technology and analytical procedure using the transfer function concept
according to Jury and Roth (1992, Transfer functions and solute movement through soil).
The following transport coefficients were derived from this experiment: The pore water
velocity was estimated to be on the order of 0.013 m hr-1, and the dispersion coefficient
yielded a magnitude of approximately 4·10-5 m2 hr-1. These results were based on the
assumption of spatial homogeneity in soil structure and are comparable with results
reported in the literature for loamy soils. Future analyses will include site-specific
estimates and an evaluation of the hierarchical pore systems with different levels of water
and solute mobility.
This experiment was carried out, and the transport coefficients were obtained, for
conditions close to field soil water saturation. Future experiments will be conducted with
lower water application rates in order to derive transport properties for a range of field
soil moisture conditions.
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Figure 2. Power spectral densities for input and output EC at 10 and 30 cm depth (left
column) and cospectral densities and coherency between EC input and response at 10 cm
soil depth (right column).

42

